Abstract. Diverse structural elements play an important role in sustaining biodiversity in oldgrowth forests. Therefore, it is important to have thorough knowledge about these habitats and their condition in protected areas. Metsakorralduse Büroo OÜ conducted a large-scale Natura 2000 forest habitat inventory that covered 60% of Lahemaa National Park (LNP) area. Western taiga habitat data (7,191 ha) from this inventory was used for analysis of forest stages. The data was grouped according to stand classes by total area and these classes were compared by deadwood occurrence and relative density. For more precise evaluation of coarse woody debris (CWD) we used 27 sample plots from the Estonian Network of Forest Research Plots (ENFRP) located in LNP. The biggest areas of Western taiga habitat were covered by mature and old stages. CWD occurrence (over 5 m 3 ha -1 of snags and logs) by habitat representativeness is higher in old and natural forest classes. This logical result is overshadowed by the outcome that the CWD was not substantially present on 32% of the area in the old-growth forest class. This indicates that these areas lack the potential of biological legacies to provide critical niche habitats for different species. The study shows that the CWD quantity in Estonian conditions is similar to that reported in previous studies in this region, but because many of the older forest stage classes do not have any CWD present, these areas should include ecological restoration practices in their conservation planning. By creating snags, logs and gaps in these areas, we are able to create better structural variability and include wood into different decay processes.
Introduction
The concept of biological legacies (Franklin et al., 2007) is based on Clements' concept of organic residuals (Clements, 1916 ) that remain from a pre-disturbance ecosystem and have positive influence on the recovery processes of the post-disturbance ecosystem (Franklin et al., 2000) . Providing for diverse structural elements, e.g. canopy gaps and deadwood, and biologically created patterns are important goals in ecological forestry (Franklin et al., 2007) . Biological legacies include persistent organisms, organic matter and diverse spatial patterns in an ecosystem. Many biological legacies strongly impact an ecosystem for a short time period after a disturbance Forestry Studies | Metsanduslikud Uurimused, Vol. 69, and subsequently decline in importance due to different natural processes. Structural legacies lifeboat species that would otherwise disappear from a disturbed site by providing critical habitat (e.g., dens and hiding places), substrate (e.g., in the case of epiphytes), and nutrient sources. Standing dead and downed trees are excellent examples of such lifeboats in forested ecosystems. In a less direct manner, structural legacies (both living and dead) also promote survival and re-establishment of organisms by moderating microclimatic conditions in the disturbed area (e.g., shade and reduced temperature extremes) and providing protection from predators (Franklin et al., 2000) .
Classification systems using forest developmental stages with transitional events between the stages remediate both concerns of public comprehension and succession by clarifying the successional state and trajectory of forests in conservation areas as well as characterizing the habi tat group to which they belong. To add further utility to this system it is useful to consider biological legacies. These are biological elements of an ecosystem left behind after a disturbance such as standing and downed logs or surviving trees as the material legacies (Jõgiste et al., 2017) . The presence or absence of biological legacies in older forests provides evidence about previous land management and can indicate the type of treatments needed for ecological restoration, such as activities to provide future biological legacies.
Specific silvicultural actions bring out the three main principles of ecological forestry (continuity, complexity (including heterogeneity), and ecologically-grounded intervention intervals) and fulfill the goal of linking the natural variation of these forests to the wide set of management goals. Variable density thinning approaches promote the development of multiple-age tree groups and maintain forest continuity at the stand scale over time. Moreover, when larger openings are cut in these forests, legacy patches are retained within openings to lifeboat species and structures, such as large cavity trees, to enrich newly regenerating openings (Franklin et al., 2018) .
Nature reserves are currently the cornerstone to the forest ecosystem conservation effort but problematic when used as the sole biological conservation strategy . Therefore, analysis of their current condition and direction of change is crucially important for future nature conservation development and management goals. If we map forest types in different ownerships status and assess natural representativeness of these areas, we can provide additional clarity to the extent of off-reserve conservation and types of management activities required for achieving larger-scale goals (Lindenmayer et al., 2006 (EELIS, 2016) .
Natural forest classifications are often used as references for achieving management goals in protected forest areas. Different classification systems defining forest site types (Lõhmus, 1984) , forest vegetation types (Paal, 1997) , Natura 2000 habitats (Palo, 2010) in addition with forest survey guidelines (Metsakorraldus, 2009) , Forest Act (Metsaseadus, 2006) and Nature Conservation Act (Looduskaitseseadus, 2004) are used in Estonia.
Large-scale forest inventories show how forest types in different habitats and age classes are present in landscapes. In this study we analyzed large-scale habitat inventory data, including the representation of old forest types by considering levels of forest development and levels of biological legacies. We were interested in determining how we can apply different stand development classifications to Estonian forest conditions and the effects of coarse woody debris (CWD) presence on Western taiga habitat quality.
Material and methods

Study area
The study area is situated in Lahemaa National Park (LNP) in Northern Estonia (59°56'N, 25°77'E) in the hemiboreal vegetation zone (Figure 1 ). LNP was established in 1971 and its territory is 473 km 2 of land and 275 km 2 of sea and waterbodies (Environmental Register, 2017) . Northern Estonian forest flora is not very diverse and the majority of them are dry boreal, heath and ombrotrophic bog forests (Kalda, 1988) . The study area (27,206 ha) is based on the Natura 2000 forest inventory (Maamets, 2012) that covered 60% of the LNP forests. The inventory was conducted by Metsakorralduse Büroo OÜ in 2010 . The main coniferous tree species in the study area were Scots pine (Pinus sylvestris L.) and Norway spruce (Picea abies (L.) Karst.) and deciduous species included birches (Betula pendula Roth. and B. pubescens Ehrh.), European aspen (Populus tremula L.) and black alder (Alnus glutinosa (L.) Gaertn.). The territory of the study area is divided into the following protection categories according to protection regimes: strict nature reserve, special management zones and restricted management zone (Table 1) . The goal of a strict nature reserve is to allow ecosystem development through natural processes and exclusion of direct human influence. The goals of a special management zone are to allow ecosystem development through natural processes, protect current Natura 2000 habitat types, and reserve habitat for protected species and to sustain natural biodiversity, landscape appea rance, ecosystem types and their specific species and age. The goals of a restricted management zone are to protect cultural heritage landscapes, including traditional settlements, historic scenery and landscapes, farm architecture, historicalcultural value buildings and Natura 2000 and protected species habitats. All these goals vary by their protection zones that are set by protection regulations of LNP (Lahemaa, 2015) . The most widely distributed forest habitats in LNP are Western taiga at 74% and Bog woodlands at 13%, based on the inventory that covered 60% of the park forests ( Table  2 ). All other forest habitats constitute less than 10%. This study focuses on the Western taiga habitat type as it plays the key role in the Natura 2000 network in Estonia. The term "taiga" is broadly used in ecological literature and can be defined as a coniferous northern forest with no admixture of deciduous species, except birch and aspen (Ritchie, 1962; Larsen, 1980 Larsen, , 1982 . According to Palo (2010) , these forests may be influenced by human activities, but must include very specific old-growth attributes like gaps and groups of standing dead and downed trees, nursery logs, and variable age structure. Forests recovering from fires and storms are also included in this habitat type. These disturbances create gaps of varied sizes that include snags and logs which can provide habitat, substrate and food sources to different species. These disturbed areas also provide the youngest forest developmental stages in natural areas.
Sampling and measurements
The sampling unit for Natura 2000 forest habitats inventory was the forest stand. For field inventory the Forest survey guidelines (Metsakorraldus, 2009 ) were used and stand characteristics were assessed for the main canopy (I), sub-canopy (II), regeneration (R) and shrub (S) layer and determinations of average age, height, diameter at breast height (DBH) of trees. All forest stands in different habitats with over 5 m 3 ha -1 snags (standing deadwood) and over 5 m 3 ha -1 logs (lying deadwood) were used for CWD assessment. Main canopy consisted of taller trees, the species composition of which was assessed by share according to the layer volume. II tree layer included trees that were between 25 to 75% of the average height of I tree layer (not counting high Corylus avellana L. but including Salix and Sorbus trees). The S layer includes all shrub species (including e.g., Corylus avellana L. or Frangula alnus Mill.) up to 8-10 m in height. R layer (regeneration) trees are all the seedlings and trees lower than II layer (including Salix, Sorbus and Prunus padus L. trees).
Analyzed data is collected in LNP as a part of the Natura 2000 forest habitat inventory that was conducted in 2010-2011 (Maamets, 2012) . All the collected forest inventory data was merged with Palo's (2010) classification and the results were used to analyze forest stages (See section 2.3.). Then the data was grouped by total area (ha) into stand classes and these were compared by deadwood occurrence and coverage percent (%) of sub-canopy (II) and regeneration (R) layer trees.
For more precise evaluation of CWD and its level of decomposition we used 27 sample plots from the Estonian Network of Forest Research Plots (ENFRP) located in LNP. The ENFRP plots are circular and plots consist of 59-387 (average 194) trees from the canopy layer. Plot radius varies between 20-30 m. On these plots Scots pine is the dominant tree species and site type varies from heath to dry boreal (Cladonia, Rhodococcum and Myrtillus site types). Twenty-five sample plots were established in 1998 and have been re-measured three times with five-year intervals (in 2003, 2008 and 2013) , two of the plots were first measured in 2002 and have been re-measured three times at five-year intervals (in 2007, 2012 and 2017) . According to the EN-FRP survey protocol (Kiviste et al., 2015) , the stem location and DBH are recorded for all trees with a diameter larger than 4 cm. Also data on snags and regeneration is collected.
Classification and analyses
The Forest Act (Metsaseadus, 2006) of Estonia determines the minimum allowable regeneration cutting ages (criteria for mature stands) for deciduous-and conifer-dominated forests depending on the site quality and tree species composition. In silver birch and black alder stands the allowable cutting age differs depending on the site quality and ranges from 60 to 80 years and in European aspen stands from 30 to 50 years. In mature stands of Norway spruce the range is from 60 to 120 years and in Scots pine stands from 90 to 160 years. In previously managed forests the natural developmental processes may take longer before the old forest attributes start to develop. By comparing forest stand development stages with the Forest Act (Metsaseadus, 2006) and the Habitats Directive forest habitat inventory guide (Palo, 2010) to typical stage ages, we infer that forest should be older than allowable cutting ages to have developed the vertical and horizontal diversification stages that characterize early old-growth forest conditions. The forest development stages were compared and integrated into Franklin et al. (2018) classification. The typical stage year classes (Appendix 1) were defined by average stand age and dominant tree species in the canopy layer.
For analyses of CWD we divided inventory data and ENFRP according to their habitat representativeness (Palo, 2010) into four groups: OG -old-growth stand, developed continuously without management signs; N -natural stand with all structural elements, mostly a sufficiently old and sustainably developing forest with some minor management signs; REC -recovering stand, because of earlier management some structural elements can be missing or moderately represented, but at the moment the stand has been developing continuously; POT -potential stand that has the possibility of developing into a Natura 2000 habitat in the future depending on management planning. The LNP Western taiga habitat type data met the criteria of the representativeness class on 7,191 ha; data for areas that did not meet the representativeness class criteria (655 ha) were excluded from current analyses.
Results
LNP Natura 2000 forest inventory shows the largest share of mature and early old forest stages. By comparing dominant tree species and deadwood occurrence for typical stage years (Appendix 1) we can see also the features these stands contain by area (Table 3) . Except the first stage, most of these classes have substantial deadwood present.
Forests that reach maturity after having been planted usually will have an understory, but other important attributes of oldgrowth (snags, logs, etc.) are not well present. That is why the age of vertical (early old forest) and horizontal diversification (late old forest) in Appendix 1 is set higher than the mature stand age as defined in the Forest Act (Metsaseadus, 2006) . When grouping these forests by I layer tree species the greatest areas are in mature and early old-growth forest classification groups. The occurrence of deadwood is highest in older forest development stages but it is still not present in 25% of the areas. In young forest stages 33-40 % of the areas lacked CWD (Table 3) .
The highest proportion of II layer trees in forests dominated by Norway spruce is in the mature age class, while the Scots pine and deciduous regeneration (R) layer occurs mostly in the old forest stage (Table  4) . In young forests the cover of the regeneration layer is low, from a trace up to 17%. The majority of II layer in deciduous-dominated forest is Norway spruce, indicating the natural successional shift away from old deciduous forest to conifer-dominated systems. In forests dominated by Norway spruce and Scots pine the II layer is also Norway spruce, demonstrating the first signs of vertical diversification. However, the amount of regeneration in deciduous forests is relatively low. The lower number for the deciduous forest may reflect low numbers of gaps in this forest type, which would provide more horizontal diversification for these areas.
CWD occurrence (over 5 m 3 ha -1 of snags and logs) by habitat representativeness is higher in OG and N classes (Table 5 ). This result is limited by the fact that CWD was not present in substantial amounts on 32% of area in the old-growth forest class (OG). This indicates that these areas lack critical niche habitats for different species that would otherwise be expected in older forest.
In LNP the dry boreal is the most widespread site type group in Western taiga habitat. This site type provides the highest areas in all representability classes (Table  6 ). Most of the stands are present in good and average representability classes. Comparison of Western taiga in different LNP protective zones shows that most of the forests are present in a good stage (e.g., OG and N) in conservation zones ( Table 7) . The average and potential stages (REC and POT) occur in special and limited management zones which shows that forests in these areas still have room for development. In limited management zones the priority is protection of cultural landscapes and therefore, it can also influence the total area of natural habitats. In the future the focus of restoration should be on special management zone forests with average and potential representation. If we look at the volume of snags (Table 8) in ENFRP plots in LNP we can see there is lot of variability which is hard to generalize. If natural stands have more snags than potential ones, it is the result of competition and natural succession, because in natural stands these snags have already fallen down. The lower number of snags also reflects the previous management in potential stands. Evaluation of snags and logs can be a good starting point for Western taiga conservation planning in the future, but more knowledge about this variable is still needed. To see how fast snags appear in stands we used ENFRP data after the first 5-year measurement period (Table 8 ). The higher numbers of snags appeared on potential and average stands. This means that these stands are more productive in young forest and early maturing stages (Table 9 ). Area distribu- Joonis 2. Uuringuala pindala jaotumine lagupuidu esinemise ja enamuspuuliigi järgi. Logs -lamapuit, snags -püstiseisvad surnud puud.
tion of CWD presence in different stages according to dominant tree species in the study area (Figure 2 ) shows more diverse CWD in later stages.
Discussion
If we compare collected data with literature (Table 10) , the CWD volume and density discussed in the current study seem to have similar patterns. The highest contrast comes out from the data reported by Shorohova & Kapitsa (2014) , where in 100% Scots pine dominated forests the total CWD volume (47-130 m 3 ha -1 ) and Shannon index for the decay class distribution (1.2-2.1) is indicative of higher decomposition rates in these areas. In these pristine forests the availability of substrates in different decay classes seems to be higher than in currently protected areas in Lahemaa and South-Eastern Estonia (Lõhmus & Kraut, 2010) . Ahti et al. (1968 
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Current study 1 Natural is considered as old-growth or pristine forests. For Jonsson et al. (2016) we used the Natura 2000 habitat group "Taiga expanded". Only OE and OL stage classes were included from the current study.
Classical Clementsian plant communities were viewed as complex organisms that go through predictable, developmental changes leading ultimately to a stable climax community (Worster, 1994) . Old forest stands give us spiritual and biological values that managed forests cannot provide but do not represent a "stable climax community" as predicted in that paradigm.
These forests are continuing to undergo change as a result of growth, tree senescence and mortality. We cannot determine their ultimate condition but can describe some stages or levels of old-growth development. Old-growth is best understood as a stage of forest development characterized by greater diversity of structures and more heterogeneous arrangements of structures than are found in younger successional stages originating after harvests (Thomas et al., 1988) . In structural descriptions of old-growth it is important to distinguish between certain features -like having old relatively large trees, several canopy layers, dead trees and logs. Among boreal tree species, Norway spruce hosts the greatest number of red-listed species (Jonsson et al., 2005; Tikkanen et al., 2006) . This is the second most dominant tree species in the canopy layer after Scots pine in Western taiga and the most abundant tree in the regeneration layer. Naturally, rare species are often assumed to depend on some "climax" condition, such as old-growth but in fact may be limited by soil, deadwood, microclimate, disturbance, or other factors (Carey, 2009) . The majority of rare species actually seem to require some defined finescale niche. So identifying these niches in old-growth forests provides us with the opportunity to restore them in even-aged, pre-managed forests. One way to do this is to create more snags, logs and gaps. A major part of the lifeboating functions for species are typically provided by larger biological structures that persist following a disturbance, such as live trees, snags and downed boles (Franklin et al., 2007) . Also different restoration treatments increase the deadwood input and heterogeneity in a stand (Laarmann et al., 2013) . By incorporating biological legacies into harvest prescriptions it is possible to increase the proportion of many different tree species and tree snags and thereby increase the occurrence of niches required by threatened species.
Conservation planning can set the goal of old-growth, but can we actually achieve the state as it was historically? Much more than half of forests have been influenced by human management activities in one way or another and their ability to recover to their historical natural condition is unknown. It is hard to determine the historical stage of previously managed forests and set the conservation goals according to historical stage. Köster et al. (2005) determine that areas in Lahemaa, which had been clear-cut at the beginning of the twentieth century, had lower volume of CWD than areas that were thinned or not managed. We do not always know if previous activities by humans have changed the forest ecosystem resilience in a way that makes the return to "historical" through natural processes impossible. Forest ecosystems may have shifted to a different stable state resulting in the question of whether we should attempt to restore them to their previous state or sustain them in their current state.
The issue of biodiversity also emerges when we talk about different habitats in conservation areas. The main forest habitat type in Lahemaa National Park is overwhelmingly considered as Western taiga. If we are concerned about biodiversity it will be important to improve the conditions and representation of other habitats. For example, there were no wooded pastures and only 6 ha of old broad-leaved deciduous forests in Lahemaa National Park. Lindenmayer et al. (2006) note that forest types that are poorly protected in a reserve system will need to be managed differently than forest types already well represented in reserves. Underwood et al. (2014) advised that passive management in the US will realize slower growth rates, and accordingly slower development of complex forest structures associated with biodiversity and recovery of the Northern Spotted Owl. Lastly, passive management would also slow the creation of openings dominated by a variety of plant life forms, which in many forest landscapes actually have the highest levels of biological diversity (Swanson et al., 2011) . To summarize, there may be the need to enlarge the areas of other forest habitats that are poorly represented or absent in the current landscape but which would enrich the overall diversity of forest habitats.
Integrated approaches are particular-ly relevant in European landscapes that have a long history of human influence and limited amounts of protected areas (Mönkkönen et al., 2011) . The core areas of reserves would be left out of any management activities except those restorative of natural values. Ecologically-based forest management approaches (Franklin et al., 2007 (Franklin et al., , 2018 may be the most reasonable way to go when considering limited management zones, forest areas outside national park territories, and forests in younger development stages. Since protected forest areas and managed forests are typically intermingled in all forest landscapes, the maintenance of biodiversity depends on both (Polasky et al., 2005) . Incorporating models of natural disturbance and stand development processes more fully into silvicultural practices is the basis for an ecological forestry approach (Franklin et al., 2018) , which can benefit both local communities and nature. The scenario that accelerates the development of a complex forest and also increases timber harvests produces increases in the average standard of living in the community, an increase in biodiversity, and an expanded habitat for protected species (Underwood et al., 2014) . While some land uses are clearly incompatible with some conservation goals, many elements of biodiversity can readily tolerate at least some level of human disturbance and alteration of the landscape (e.g., Redford & Richter, 1999; Currie, 2003) .
Conclusions
Stand development classification can be a good tool for describing old-growth forest. Acknowledging specific structural elements helps us better understand the level of previous human influences and the developmental path through which these forests evolve naturally. If we understand and preserve biological legacies on any forest areas previously subject to even-aged forest management, it should give us confidence that in the long term, ecological forestry actions can help to contribute to increased ecological heterogeneity and biodiversity in these areas. It is not an easy task for conservation and overall landscape planning, because these actions may not be visible in the short term. But by thinking in sustainable terms we take the longer view because forestry actions taken today are not just for today but, most profoundly for future generations.
